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We, International Business Machines 
Corporation, a Corporation organized and 
existing under the laws of the State of New 
York in the United States of America, of 

5 Amionk, New York 10504, United States of 
America do hereby declare the invention for 
which wc pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: — 

This invention relates to data storage appar- 
atus. In manufacturing memories for data 
storagCj it is found that some of the memories 
produced are not perfect, that is to say, some 

15 of their bit positions are not capable of reli- 
ably storing data. A common practice is to 
test the memories after manufacture and 
reject or repair the imperfect ones. However, 
several data storage systems have been pro- 

20 posed in which a supplementary store (which 
may be an alternative storage area in the 
main memory) is used to store a word which 
is assigned to a word location in the main 
memory which contains faulty bit positions. 

25 In some of those systems tlie word is stored 
both correctly in the supplementary store 
and also incorrectly in the faulty word loca- 
tion in the main memory. Upon read-out 
either just the word in the supplementary 

30 store is read out or corresponding words 
are read out from both the supplementary 
store and the main memory and a discrimin- 
ator is used to give precedence to the word 
stored in the supplementary store. 

35 According to the invention, data storage 
apparatus includes a main memory compris- 
ing a plurality of word locations each contain- 
ing a plurality of bit positions, a supple- 
mentary store arranged to store data bits 

40 which are assigned to faulty bit positions in 
the main memory, and selection means re- 



sponsive when a main memory word location 
containing one or more faulty bit positions 
is addressed, to address one or mere word 
locations in the supplementary store, to estab- 
lish a one-for-one relationship between the 
faulty bit posidons in the main memory word 
location and bit positions in the addressed 
supplementary store word location or loca- 
tions and to access onl^*^ those bit positions in 
the addressed supplementary store word loca- 
tion or locations v/hich, by virtue of the 
aforesaid one-for-one relationship, correspond 
to the one or more faulty bit positions in 
tlie main memory word location. 

How our invention can be carried into 
effect will now be described by way of ex- 
ample, with reference to the accompanying 
drawings, in which: — 

Figure 1 is a block diagram of a first data 
storage apparatus embodying the invention; 

Figure 2 is a block diagram of a second 
data storage apparatus embodying tlie inven- 
tion; 

Figure 3 is a block diagram of a third 
data storage apparatus embodying the inven- 
tion; 

Figure 4 is a bloclv diagram of a fourth 
data storage apparatus embodying the inven- 
tion; 

Figure 5 is a diagram of a matrix switch 
used in the apparatus of Figure 4; and 

Figure 6 is a block diagram of a fifth data 
storage apparatus embodying the invention. 

A data storage apparatus (Figure 1) in- 
cludes a main memory 1 comprising a plur- 
ality of word locations each containing a plur- 
ality of bit positions. The main memory has 
4096 word locations, each of 144 bit posi- 
tions. Operably associated with the main 
store 1 is a memory address register 2 in 
which a representation of the address of a 
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word location in the main memory 1 can he 
set up, a main memory address decoder 3 
and a data register 4 capable of storing 144 
bits. The data register 4 is ^^ctiojially 
5 divided into four sections 4a, 4b, 4c, and 4a^ 
each of thirty-six bit positions, and the main 
store word locations are funcuonally divided 
into four sections la, lb, Id, corre- 

spending respectively to sections 4a, 4b, 4c 
10 and 4d of the data register. The apparatus 
also includes a supplementary store 5 bav- 
ins word locations in each of four similar seg- 
ments 5a, 5b, 5c and 5d, oP/^bly associated 
with sections 4a, 4b, 4c and 4d of ^e data 
15 register respectively. Thus each supplement- 
ary store word location contains 36 bit posi- 
tions. Two-way gates 6 control the transfer 
of data between the supplementary store 5 
and the data register 4. Operably assoaated 
20 with the supplementary store 5 is a supple- 
mentary address decoder 7 arranged to be 
responsive to a binary representation of a 
supplementary store address location read 
from a word stored in an associative memory 
25 S Each word stored in the associative memory 
8 comprises a tag portion having twelve bit 
positons, a flag bit portion (the purpose of 
which will be described below) having thirty- 
six bit positions and an address portion hav- 
30 ing sufficient bit positions to store the address 
of any word location in the supplementary 
store. Each word in the associative memory 
8 is associated with a respectitve word loca- 
tion containing faulty bits in the main memory 
35 1. A word driver 9 is arranged to read a 
word from a word location in the associative 
memory 8 when the address of a correspond- 
ing word location in the mam memory is set 
up in the memory address register 2. The 
40 supplementary address decoder 7 serves to 
drive the supplementary store word location 
having the address defined by the address 
portion of a word read from the associauve 
memory 8. . . - 

45 Some of the word locations m the mam 
memory 1 may contain faulty bit positions 
in which bits of data cannot be reliably stored 
and sensed. The apparatus of Figure 1 can 
be arranged so as to be reliably operable 
50 despite such faults in die main memory 1, 
provided that all die faulty bit positions in 
any word location are contained withm only 
any one of the sections la, lb, Ic and Id of 
that word location. Bit positions m the 
55 supplementary store 5 are used to store ^e 
data bits which are assigned to faulty bit 
positions in the main memory 1. 

The associative memory 8, the supplement- 
ary address decoder 7 and the two-way gates 
60 6 constitute a selection means responsive 
when a main memory word location contain- 
ing one or more faulty bit positions is 
addressed, to address a word location in the 
supplementary store and to establish a one- 
65 for-one relationship between the faulty bit 



positions in die main memory word location 
and bit positions in the addr^sed supple- 
mentary store word location. The flag bit 
portion of each word in die associative 
memory 8 is used to identify which bit posi- 70 
non or positions in the supplementary store 
word location identified in the address por- 
tion of that associative memory word con- 
tain die data bit or bits to complete a word 
stored m the main memory word location 75 
identified in the tag portion of that associa- 
tive memory word. 

The apparatus is set up for the operation 
in the following manner. A diagnostic pro- 
gram is used to determine which word loca- 80 
tions in the main memory 1 contain faulty 
bit positions in just one section of the sec- 
tions la to Id and to identify those faulty 
bit positions. (Any word location which has 
faulty bit positions in more than one section 85 
should not be used at all). For each main 
memory word location having faulty bit posi- 
tions in just one section, a word is recorded 
in the first free word location in the associa- 
tive memory 8. It is arranged diat the tag 90 
portion of that word contains the address of 
the main memory word location, the flag bit 
portion defines the faulty bit positions in that 
main memory word location, the most sigmfi- 
cant bits of the address portion define die 95 
supplementary store segment associated with 
the same section of the data register 4 as 
the main memory word section containing the 
faulty bit positions and the remaming bits 
of the address portion contain the address of 100 
the first word location in the defined supple- 
mentary store segment which contains free 
bit positions ccrrespondmg to those defined 
by the flag portion. For example, the diag- 
nostic program may determine that word 105 
location 20 contains faulty bit positions m 
section lb and that those faulty bit positions 
are numbers 39 and 64 counting from the 
first bit position in the word, that is, numbers 
3 and 28 counting from the first bit position 110 
in section lb. It will be assumed that it is 
known that the first word location in the 
second segment 5b of the supplementary stor^ 
in which both bit positions number 3 and 
number 28 are free, is word location number 115 
18. Accordingly the following word is re- 
corded in the first available word location 
(say number 13) in the associative memory:-- 
20 in the tag portion; bits 3 and 28 marked 
in the flag portion; and two recorded in the 120 
two most significant bit positions and 18 m 
the remaining bit positions in the supplement- 
ar3'' address portion. 

When words have been recorded in the 
associative memory corresponding to ail the 125 
main memory word locations which have 
faulty bit positions in only one section, the 
apparatus is ready to store data. Data is 
written into the apparatus as follows. The 
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binary representation of a main memory 
word location address is set up in the memory 
address register 2, for example, under the 
control of the central processing unit of a 

5 computer, and a data word is set up in the 
data register 4. The data word is then read 
into the addressed main memory word loca- 
tion under the control of the main decoder 3. 
If the word location contains a section having 

10 faulty bit positions, the tag portion of a word 
in the associative memory 8 will match the 
contents of the memory address register 2. 
Upon recognition of such a match, ^e word 
driver 9 reads out the flag portion and address 

15 portion. The address from the address por- 
tion is decoded by the auxiliary decoder 7 
and the supplementary store word location 
having that address is energized. The set 
bits read from the flag portion control die 

20 enabling of the two-way gates 6, mere par- 
ticularly, each set bit enables four of the 
two-way gates 6, which are operably associ- 
ated with corresponding bit positions in each 
of the register sections 4a to 4d. 

25 As each supplementary store segment is 
operably associated with only one section of 
the data register, only bits set in that data 
register section associated with the segment 
containing the addressed supplementary store 

30 word location can be read into that location. 
Further, the only bits which can be so read 
in are tliose that can pass the gates 6. Thus 
the gates 6 enabled by the flap portion per- 
mit selected bits to be read from the data 

35 raster section associated with the supple- 
mentary store word location addressed by tlie 
address portion into bit positions in that 
supplementary store word location. For ex- 
ample, if the memory address register 2 is 

40 set to contaia the address of main memory 
word location 20 and a word is set in the 
data register, the main decoder 3 will cause 
that word to be read into word location 20, 
At the same time, a match will be recog- 

45 nized between the contents of the memory 
address register 2 and the tag portion of the 
word in associative memory word location 
13, resulting in read-oui of its flag and 
address portions by the word driver 9. The 

50 address portion contains the address of word 
location number 18 in supplementary store 
segment 5b. Read-out of the flag portion en- 
ables the two-way gates 6 associated with 
data register bit positions numbers 3 and 28 

55 (section 4a); 39 and 64 (section 4b) 75 and 
100 (section 4c) j and 111 and 136 (section 
4d). As no word location in the supplement- 
ary store segments corresponding to data 
register sections 43, 4c and 4d is addressed, 

60 only data bits from the data register bit posi- 
tions 39 and 64 pass through the enabled 
gates 6 to bit positions 3 and 28 in supple- 
mentary store word location 18. Thus, bit 
positions 3 and 28 in supplementary store 

65 word location 18 store data bits to complete 



the word stored in main memoiy word loca- 
tion 20. 

The bit positions other than numbers 3 
and 28 in word location 18 of segment 5b 
can be used to store bits to complete words 70 
stored in main memory word locations other 
than number 20. For example, bit positions 
1, 8, 9, 10 and 24 may store bits to complete 
a word in main memory word location 23 
and bit locations 2, 4, 23 and 30 may store 75 
bits to complete a word in main memory 
word location 24. It should be noted that 
the word locations in segment 5b can store 
bits only to complete sections of words in 
main memory section lb as both segment 5b 80 
and section lb have access only to data regis- 
ter section 4b. 

Data is read from the storage apparatus 
in the following matmer. A binary representa- 
tion of a main memory word location address 85 
is set up in the memory address register 2 
and read-out of the word stored in that word 
location is initiated under the control of the 
main decoder 3. Simultaneously, if the 
addressed main memory word location has 90 
any faulty bit positions, the tag portion of 
an associative memory word will match the 
contents of the memory register 2 and that 
associative memory word will be read out. 
The two-way gates 6 will be enabled in 95 
accordance with the flag portion of that word 
and a supplementary store word location will 
be addressed under the control of the supple- 
mentary address decoder 7 in accordance with 
the address portion of that word. Thus, 100 
selected bits from the addressed supplement- 
ary store word pass through the enabled gates 
6 to the data register 4. The non-enabled 
gates 6 prevent the passage of the remaining 
bits from that word into the data register. 105 

The apparatus should be such that data 
bits from the supplementary store word loca- 
tion are set into the data register 4 before 
the data bits from the main memory word 
location enter die register. ThuS;> bits from 110 
faulty bit locations in the main memory word 
location cannot be set into the data register 
4 as the data register bit positions to which 
they are directed will have been already set 
by bits from the supplementry store 5. This 115 
characteristic may arise because the access 
time of the supplementary store 5 is less than 
that of the main memory 1. That is to say, 
the word from the main memory word loca- 
tion having the address set up in the memory 120 
address register 2 reaches the data register 
4 subsequently to the setting of the data 
register 4 by bits from the supplementary 
store 5. 

As an alternative to arranging that data 125 
bits from the supplementary store word loca- 
tion are set into the data register 4 before 
bits from the main memory, a further set of 
two-way gates (not shown) can be connected 
between the main memory and the data regis- 130 



ter 4 and provision made for those gates 
selectively to be inhibited in accordance with 
the flap portion which determines the en- 
abling of the two-way gates 6. 
5 The data storage apparatiK of Figure 2 is 
generally similar to that of Figure 1, hke 
pans in the two apparatuses bang idenufied 
bv the same reference designations. The mam 
difference is that the word lo^tions m the 
10 supplementary store 15 of Figure 2 are 
associated with the data register 4 m a dif- 
ferent way to those of the supplementary 
store 5 of Figure 1. Each word location (of 
36 bit positions) in the supplementary store 
15 15 is operably associated with an adjacent 
pair of half sections of the data register 4 
Teach section of which contains 36 bit posi- 
tions). In other words, half of the bit posi- 
tions in each supplementary store word loca- 
20 tion is operably associated with one halt ^sec- 
tion of the data register and the other half of 
the bit positions with an adjacent halt sec- 
tion of the data register. Word locaaons 
operably associated with like pairs of adjacent 
25 register half sections are grouped m respec- 
tive segments 15a to 15h of the supplement- 
ary store 15. As each word location is assoa- 
ated widi vm register half sections ttiere 
are 8 supplementary store segments, h&cti 
30 segment contains 4 words. The first bit por- 
tion of each word location m segment i:)a 
co-operates widi the first bit position m sec- 
tion 4a of the data register; the thirty-sixth 
bit position in that word locauon with the 
35 thirty-six bit position in register section 4a 
and the first bit position m each word loca- 
tion in segment 15b co-operates with 
nineteenth bit position in register section 4a. 
Thus, segment 15a is operably associated 
40 with the pair of register half sections fonn- 
ing section 4a and segment 15b is associated 
with the second half of section 4a and the 
Orst half of section 4b. Apart from the con- 
neaions to and from the supplementary store 
45 15 Prising from the segmenting arrangement 
just described, the apparatus of Figure 2 is 
like that of Figure 1. 

The apparatus of Figure 2 can accom- 
niodate deficiencies arising from i?^^^ ^^^l 
50 positions in the main memory provided that 
all the faulty bit positions in any word loca- 
tion lie within just one of a plurahty of pre- 
determined groups of successive bit positions. 
Each group of 36 successive bit positions m 
55 the main memory word locations which is 
operably associated with a pair of adjacent 
resister half sections will be referred to here- 
in as a "span". Provided that all the faulty 
bit positions in any main memory word loca- 
60 tion lie within a span, the deficiencies of the 
main memory 1 can be overcome. Thus, as 
any group of 19 successive bit positions must 
fall within a span, a single group of up to 
19 faulty bit positions in a mam i^^^o^y 
65 word location can always be accommodated. 



One word in the supplementary store may 
be used to "repair" up to 36 bits in the mam 
memory as the combination of the address 
of a word in the supplementary store (which 
address defines a particular segment) and a 70 
•flag bit (stored in the associative memory 8) 
uniquely aUocates a bit position in the supple- 
mentary store 15 to replace a faulty bit posi- 
tion in the main memory 1. The apparatus 
is set up for operation in the followmg 75 
manner. A diagnostic program is used to 
determine which word locauons m the mam 
memory 1 contain faulty bit positions faUing 
within a span, and to identify those faulty bit 
positions, (If all the faulty bit posiuons m 80 
any word location do not fall widim a span, 
that word location should not be used at aU, 
and it wHl be assumed that no word location 
is so defective). For each main memoty 
word location having faulty bit positions fall- 85 
ine widiin a span, a word is recorded in the 
iirst free word location in the associative 
memory 8. The tag portion of that word con- 
tains the address of the main memo^ word 
location, the flap portion defines (with refer- W 
ence to posiuons in register sections 4a to 
4d) the faulty bit positions in a span of 
tlie main memory word location. The most 
significant bits of the address poruon define 
the supplementary store segment cotitainmg 
word locations operably associated with the 
same pair of adjacent register half secuons 
as the span, and the remaimng bits ot tne 
address portion contain the address of the 
first word location in the defined supplement- 100 
ary store segment which contams free bit 
positions in die positions defined by the flag 
portion. For example, the diagnostic program 
may determine that bit position numbers ly 
and 39 in main memory word locauon 20 103 
are faulty. These two faulty bit positions are 
contained in a span operably associated with 
the second half of data register secuon 4a 
and the first half of section 4b. The word 
locations in supplementary store segment 15b 
are operably associated with that pair of 
adjacent register half sections and so the most 
significant bits of tiic supplementary address 
portion defines segment 15b and the remam- 
ing bits of that portion contain the address 115 
of the first word location in segment 15b 
which contains free bh: positions at posiuons 
1 and 21. It will be assumed that it is known 
that the first word location in segment 15b 
in which botii bit positions numbers 1 and 120 
21 are free in location number 3. Accordingly 
the following word is recorded in the fim 
available word location (say number 14) m 
the associative memory: — 20 in the tag por- 
tion; bits 19 and 3 marked in the flag por- 125 
tion; and 2 recorded in the most significant 
bit positions and 3 in the remainmg bit posi- 
tions in the supplementary address portion. 
When words have been recorded m me 
associative memory corresponding to all the i^o 
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main memory word locations which have 
faulty bit positions falling within a span, the 
apparatus is ready to store data. Data is 
written into the apparatus as follows, words 

5 arc set up in tlie memory address register 2 
and the data icgister 4. The data word is then 
read from the d£:ta register into the addressed 
main munory word location. If the word 
location contains a span having faulty bit 

10 positions, the tag portion of a word in the 
associative memory 8 will match the con- 
tents of the memory address register 2 and 
upon recognition of such a match the flag 
and addrccs portions of that word will be 

15 read cut. The supplementary store word loca- 
tion having the address defined by the address 
portion will be energized. That word loca- 
tion is operably associated with just one pair 
of adjacent data register half sections and 

20 accordingly bits can only be entered into that 
word location from that pair of data register 
half-sections. The set bits read from the flag 
portion control the enabling of the two-way 
gates 6y more particularly each set bit en- 

25 ables four of the two-way gates 6, which are 
operably associated with corresponding bit 
positions in each of the register sections 4a, 
4b, 4c and 4d. The gates 6 enabled by the 
flag bit portion permit selected bits to be 

30 read from the adjacent pair of data register 
half-sections associated with the supplement- 
ary word location addressed by the address 
portion into bit positions in that supplement- 
ary store word location. For example, if the 

35 memory address register 2 is set to contain 
the address of main memory word location 
20 and a word is set in the data register, the 
main decoder 3 will cause that word to be 
read into word location 20. At the same 

40 time a match will be recognized between the 
contents of the memory address register 2 
and the tag portion of the word in the associa- 
tive memory word location 14, resulting in 
the flag and address portions of that word 

45 being read out. The address portion con- 
tains the address of the word location num- 
ber 3 segment 15b of the supplementary 
store. The flag portion results in the enabling 
of the two-two gates 6 associated with data 

50 register bit position numbers 3 and 19 (sec- 
tion 4a); 39 and 55 (section 4b) 75 and 91 
(section 4c) and 111 and 127 (section 4d). 
As no word location in the addressed supple- 
mentary store segment spans bit positions 3, 

55 55, 75, 91, 111 and 127 only data bits from 
the data register bit positions 19 and 39 pass 
through the enabled gates 6 to bit positions 
1 and 21 in word location number 3 in seg- 
ment 15b. Thus, bit positions 1 and 21 in 

60 that supplementary store word location store 
data bits to complete the word stored in main 
memory word location 20. 

The bit positions other than numbers 1 
and 21 in word location number 3 in segment 

65 15b can be used to store bits to complete 



words stored in main memory word locations 
other than word location 20. It should be 
noted any given supplementary store word 
location can store bits to complete only sec- 
tions of words comprising spans correspond- 70 
ing to the pair of adjacent register half-^sec- 
tions with which the segment containing that 
word location is associated. 

Data is read from the apparatus in the 
following manner. A binary representation of 75 
a main memory word location address is set 
up in the memory address register 2 and 
read-out of the word stored in that word 
location is initiated under the control of the 
main decoder 3. Simultaneotisly, if the 80 
addressed main memory word location has any 
faulty bit positions a match will be recognized 
between the tag portion of a word in the 
associative memory 8 and the contents of 
memory address register 2 resulting in the 85 
two-way gates 6 being enabled in accordance 
with the flag portion of that word and a 
supplementary store word location will be 
addressed tmder the control of the supple- 
mentary address decoder 7 in accordance with 90 
the address portion of that word. Thus, 
selected bits from the addressed supplement- 
ary store word pass through the enabled gates 
6 to the data register 4. The non-enabled 
gates 6 prevent the passage of the remaining 95 
bits from that word into the data register. 

The number of bit positions in each supple- 
mentary store word location need not be one 
quarter of the number of bit positions in the 
main memory' word locations. Conveniently, 100 
it may be 1/8, 1/6, 1/32 etc. of the main 
memory word length. The shorter the supple- 
mentary store word length the greater will be 
the number of segments into which the supple- 
mentary store word locations arc divided and 105 
the shorter will be the spans in one of which 
all faulty bit positions in a main memory 
word location must fall for the apparatus to 
be capable of "repairing" the main memory. 
For example, if each main memory word 110 
location contains 144 bit positions and eadi 
supplementary store word location contains 
18 bit positions, each section of the data 
register will be divided into 4 sub-sections, 
each of 9 bit positions. The flag portion of 115 
each associative memory work will there- 
fore only need to contain 18 bits, but the 
supplementary store will have to be divided 
into sixteen segments. 

Figure 3 is a diagram^ of a data storage 120 
apparatus including a main memory 31 com- 
prising 4,096 word locations each containing 
thirty-six bit positions. Operably associated 
with the main memory 31 is a memory 
address register 32, a main memory 125 
address decoder 33 and a data register 34 
capable of storing thirty-six bits. The data 
register 34 is functionally divided into four 
sections, 34a, 34b, 34c and 34d, each of nine 
bit positions. Each of two sections 35 and 36 130 



of a supplementary store is divided into four 
similar segments, 35a, 35b, 35c, 35d and 36a, 
36b, 36c, 36d respectively. Segments 35a and 
36a are opcrably associated with data register 
5 section 34a segmetns 35b and 36b with sec- 
tion 34b, etc. Thus each word locauon m 
the supplementary store segments contains 
nine bit positions. Two-way gates 37a to 37d, 
and 38a to 38d control the ti-ansfer of data 
10 between the data register 34 and the supple- 
mentary store 35, 36. A first supplementary 
address decoder 39 for co-operation with 
supplementary store section 35 is arranged to 
be responsive to a representation ot tne 
15 address of a supplementary store location read 
from a portion of a word stored m an associa- 
tive memory 41. 

A second supplementary address d^o^er 
40 is similarly associated v/ith section 36 ol 
20 the supplementary store and is arranged to 
respond to another portion of the same word 
read from the associative memory 41. fcacft 
word stored in the associative memory 41 
comprises a tag portion having twelve bit 
25 positions, a first flag portion having nme 
bit positions, a first address portion having 
sufficient bit positions to store the address 
of any word location in supplementary store 
section 35, a second flag portion having nine 
30 bit positions, and a second address portion 
havmg sufficient bit positions to store the 
address of any v/ord location in supplement- 
ary store section 36. 

Each word in the associative memory 41 is 
35 associated with a respective word location 
in the main memory 31. A word driver 4^ 
is arranged to read a word from a word 
location in the associative memory 41 when 
the address of a corresponding word^ loca- 
40 tion in the main memory is set up m the 
memory address register 32. 

Provided that all the faulty bit positions 
in any main memory word location he within 
any two spans of nine bit positions, v/hich 
45 spans are operably associated with respec- 
tive data register sections, the apparatus of 
Fi<nire 3 can accommodate the deficiencies 
of 'the main memory. Two words in different 
sections of the supplementary store can be 
50 used to "repair" up to eighteen bits m the 
main memory as the combination of the 
address of a word in a supplementary store 
section, and a flag bit uniquely allocates a bit 
position in the supplementary store to replace 
55 a bit position in the main memory. The 
apparatus of Figure 3 is set up for opera- 
tion in the following manner. A diagnostic 
program is used to determine which word 
locations in the main memory 31 contam 
60 faulty' bit positions in only one or two nine- 
bit spans con-esponding to data register sec- 
tions, and to identify those faulty bit posi- 
tions. (Any word location which has faulty 
bit positions which occupy more than two 



such nine-bit &v: :^^s should not be used at all 65 
and it will be ■;. - turned that no word location 
is so defective :. For each main memory 
word location having faulty bit positions m 
one nine-bit span or two nine-bit spans, a 
word is recorded in the first free word loca- 70 
tion in the associative memory 41. The tag 
portion of that word contains the address of 
the mam memory word location. The first 
flag portion defines the faulty bit positions 
in one span of that main store word location. 75 
The most significant bits of the first address 
portion defines the supplementary store seg- 
ment containing words operably assoaated 
with the one span containing the faulty bit 
positions and the remaining bits of that por- 80 
tion contains the address of the first word 
location in the defined supplementary store 
segment which contain free bit positions as 
defined by the first flag portion of that word. 
The second flap portion defines the faulty bit 85 
positions in the other span . of the mam 
memory word location, and the second address 
portion contains the address of a word loca- 
tion in the other supplementary store secUon. 
For examole, the diagnostic program may 90 
determine ^hat bit positions numbers 5 and 
8, and 28 and 36 in main memory word 
location 20 are faulty. The first two of these 
faulty bit positions are contained in a span 
corresponding to data register section 34a 95 
and the second two of these fauty bit posi- 
tions are contained in a span correspondmg 
to data register section 34d. The word loca- 
tions in supplementary store segments 35a and 
and 36a are operably associated with register iw 
section 34a and segments 35 d and 36d with 
the register section 34d. It will be assumed 
that the first word location in segment 36a 
in which both bit positions numbers 4 and 
8 are free is location number 3 and that the 105 
first v/ord location in segment 35d in which 
both bit position numbers 1 and 9 are £ree is 
location number 2. Accordingly the follow- 
ing word is recorded in the first available 
word location (say number 4) in the associa- 110 
tive memory 41:— 20 in the tag portion; 
bits 1 and 9 marked in the first flag portion; 
4 (defining segment 35d) recorded m the two 
most significant bit positions and 2 (word 
location two) in the remaining bit positions 115 
in the first address portion^ bits 5 and 8 
marked in the second flag portion; and 1 
recorded in the two most significant bit posi- 
tions and 3 in the second address portion 
(segment 36a is the first segment m the 120 
second section of the supplementary store). 
When v/ords have been recorded in the 
associative memory 41 corresponding to aU 
the main memory word locations which have 
faulty bit positions within two spans of nme 125 
bit positions the apparatus is ready to store 
data. 

A data word set up in the data register 34 
is read into the main memory word location 



defined by the address set up in the memory 
address register 32. If that word location 
contains one or two spans of faulty bit posi- 
tions the tag ponion of a word in ^e associa- 
5 tive memory 41 will match the contents of 
the memory address register 32 and that 
word will be read out. Read-out of the first 
and second address portions of that word will 
result in energisation of the supplementary 
10 store word locations having these addresses. 
Each of those word locations is operably 
associated with just one register section and 
accordingly bits can only be entered into 
that word location from that register section. 
15 The set bits read from the first and second 
flag portions control the enabling of the two- 
way gates 37 and 38 respectively; more par- 
ticularly each set bit enables four of the two- 
way gates, for example, one in section 37a, 
20 one in section 37b, one in section 37c, and 
one in section 37d. The enabled gates per- 
mit selected bits to be read from the data 
register sections associated with the supple- 
mentary word locations addressed by the first 
25 and second address portions into bit positions 
in those supplementary store word locations. 
For example, if the register 32 is set to con- 
tain the address of main memory word loca- 
tion 20 and a word is set in the data register 
3D 34, the main decoder 33 wll cause that word 
to be read into word location 20.^ At the 
same time, a matdi will be recognized be* 
tween the contents of the register 32 and the 
tag portion of the word in the associative 
35 memory word location 14, resulting in read- 
out of that word. Read-out of the first flag 
portion results in the enabling of the two-way 
gates 37 associated with data register bit posi- 
tion numbers 1 and 9 in each of the register 
40 sections and the read-out of the first address 
portion in the addressing of word location 2 
in supplementary store segment 35d. Con- 
sequently, data bits from positions 1 and 9 
in register section 34d pass through the en- 
45 abled gates 37 to positions 1 and 9 in word 
location 2 in segment 35d. Thus, bit posi- 
tions 1 and 9 in that supplementary store 
word location store data bits to "repair" the 
bits stored in bit positions 28 and 36 in main 
50 store word location 20. In a similar manner, 
read-out of the second flag and address por- 
tions result in bit positions 5 and 8 in word 
location 3 in segment 36a storing data bits 
to "repair" bits 5 and 8 of the word stored 
55 in main memory word location 20. 

The bit positions other than numbers 1 
and 9 in supplementary store word location 
2 (segment 35d) can be used to store bits to 
complete words stored in main memory word 
60 locations other than word location 20. How- 
ever, the supplementary store word locations 
2 can only store bits to complete spans of 
main memory bit positions associated with 
section 34 of the &ta register. 
65 Data is read from . the apparatus in the 



following manner. A representation of a main 
memory word location address is set up in 
the register 32 and read-out of the word 
stored in that word location is initiated tmder 
the control of the main decoder 33. Simul- 70 
taneously, if the addressed main memory 
word location has any faulty bit positions 
a match will be recognised between the tag 
portion of a word in the associative memory 
and the contents of the register 32, resulting 75 
in the two-way gates 37 and 38 being enabled 
in accordance with the first and second flag 
portions of that word and supplementary store 
word locations will be addressed under the 
control of the decoders 39 and 40 in accord- 80 
ance with the first and second addressed por- 
tions, respectively, of that word. Thus, 
selected bits from each of the addressed 
supplementary store word locations pass 
through the enabled gate 37 or 38 to the re- 85 
spective data register seaions with which the 
word locations arc operably associated. The 
gates 37 and 38 which are not enabled pre- 
vent the passage of the remaining bits from 
those word locations into the data register. 90 

The number of bit positions in each 
supplementary store word location need not 
be one-quarter of the number of bit positions 
in the main store word location. Conveniently, 
it may be one-eighth, one-sixteenth, one- 95 
thin^econd etc. of the number of bit posi- 
tions in each main store word. The shorter 
the supplementary store word length the 
greater will be the number of segments into 
which the supplementary store word locations 100 
are divided and the shorter will be the data 
register sections in two of which all faulty 
bit positions in a main memory word loca- 
tion must fall for the apparatus to be cap- 
able of "repairing" the main memory. For 105 
example, if each main memory word loca- 
tion contains 144 bit positions and each supple- 
mentary store word location contains nine 
bit positions the data register would be divided 
into sixteen sections each of nine bit posi- 110 
tions, and the supplementary store would be 
divided into thirt^^-two segments. 

Two is not the maximimi number of 
supplementary store segments that may be 
operably associated with one data register 115 
section. However, for each additional seg- 
ment so associated the associative memory 
words would have to contain two additional 
portions, one a flag portion for marking 
selected bits in the word location in the addi- 120 
tional supplementary store segment and one 
an address portion for storing the address 
of that v^rd location. 

A data storage apparatus (Figure 4) in- 
cludes a main memory 51, a memory address 125 
register 52> a main address decoder 53, a data 
register 54, a supplementary store 55, and 
an associative memory 56. The apparatus of 
Figure 4 differs from that of Figures 1 to 3 
in that instead of controlling two-way gates 130 
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between the data register and the supplement- 
ary store by means of a word read from the 
associative memory, the transfer of bits be- 
tween the data register and the supplement- 

5 ary store is controlled by a matrix switch 
57. The associative memory 56 is adapted 
to store words comprising only a tag portion 
and an address portion. A supplementary de- 
coder 58 is used to address a word location 

10 in the supplementary store 55 in response to 
read-out of an address portion from a word 
in the associative memory 56. The switch 
matrix 57 is controlled by signals on control 
lines 60 energised upon read-out of words 

15 from the associative memory 56, there bemg 
a respective control line for each assoaanve 
memory word location. The matrix ^itch 
57 is settable to route any number of bits 
up to the capacity of a supplementary store 

20 word location to and from any of the bit 
positions in the data register 54. Thus, m 
operation, a particular word in the supple- 
mentary store 55 may contain say two bits 
associated with a first word in the mam 

25 memory, three bits associated with a second 
word and a further three bits associated with 
yet another main memory word. 

The apparatus is set up for operation m 
the following manner. First the word loca- 

30 tions in the main memory 51 which contam 
faulty bit positions are determined. Let us 
assume that bit positions numbers 3 and 4 m 
main memory word location 327 are faulty 
and that the first word location in the supple- 

35 mentary store 55 which contains two pre- 
viously unallocated bit positions (not neces- 
sarily adjacent) is location 7 and that those 
unallocated bit positions are numbers 6 and 
7. The matrix 57 is set up to connect data 

40 register bit positions 3 and 4 vtrith supple- 
mentary store bit positions 6 and 7 when a 
particular one of the control lines 60 is ener- 
gised. Also, a word is stored in the associa- 
tive memory 56 such that its tag portion 

45 contains the address of main memory word 
location 327 and its address portion contains 
the address of supplementary store word 
location 7. Read-out of that word from the 
associative memory is accompanied by ener- 

50 gisation of that particular one of the control 
lines 60. Data is written into the apparatus 
as follows. The binary representation of a 
main store word location address is set up 
in the register 52 and a data word is set up 

55 in the data register 54. The data word is 
then read into the addressed main store word 
location under the control of the main decoder 
53. If that word location contains faulty bit 
positions, the tag portion of a word in the 

60 associative memory 56 will match the con- 
tents of the memory address register 52 and 
so the word driver 59 reads out the address 
portion of that word and energizes a unique 
one of the control lines 60. That energized 

65 control line 60 sets up paths in the matrix 



switch 57 between data register bit posmons 
and bit positions in the supplementary store 
word location defined by the address portion. 
For example, if the memory address register 
52 is set to contain the address of main 70 
memory word location 327 and a word is set 
in the data register 54 the main decoder 53 
causes that word to be read into word loca- 
tion 327. At the same time, a match will be 
recognised between the contents of the 75 
memory address register 52 and the tag por- 
tion of a word in the associative memory 56 
resulting in read-out of the address portion 
which contains the address of word location 
7 in the supplementary store 55, Th& data 80 
bits in register bit positions 3 and 4 are 
directed by the matrix 57 into bit positions 
6 and 7 in supplementary store word loca- 
tion 7. It should be noted that all the data 
bits set into data register 54 are read into 85 
main memory word location 327 whereas only 
the data bits in bit position 3 and 4 are read 
into the supplementary store. Data is read 
from the storage apparatus in the following 
manner. A representation of a main memory 90 
word location address is set up in the register 
52 and read-out of the word stored in that 
word location initiated under control of the 
decoder 53. Simultaneously, if the addressed 
main memory word location has any faulty 95 
bit positions^, matching of an associative 
memory word tag portion and the contents of 
register 52 will be recognised and that associa- 
tive memory word v;ill be read out accom- 
panied by energization of one of the control 100 
lines 60, Thus a word will be read out from 
the supplementary store 55 and selected bits 
from that word will be direaed by the 
matrix 57 into bit positions of the data 
register 54 determined' by which control line 105 
60 was energised. Each data register bit posi- 
tion comprises a discriminator and latch de- 
signed to trigger on the first signal on its 
input exceeding a given threshold and to 
latch in that state. Thus, provided that a 110 
signal from the supplementary store arrives 
at the discriminator before a^ signal from a 
faulty bit position in the main memory the 
register position will be set in accordance with 
the signal from supplementary store and not 115 
in accordance with the signal from the main 
memory. Alternatively, the signal firom the 
supplementary store can be arranged to over- 
ride the signal from the main memory. 

It is not necessary that the supplementary 120 
store should be perfect, i.e. having no faulty 
bit positions. The supplementary store can 
be tested to determine any faulty bit posi- 
tions and use of such positions avoided. Thus, 
if the first bit in supplementary store word 125 
location 7 is faulty, it would not be used to 
store any bits to repair a word in the main 
memory 51. . . t_ 

A preferred form of the matrix swatch 57 
is represented in Figure 5. A set of 8 hori- 130 
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zontal lines 65, 65A are adapted to pass bit 
signals in parcillel to and from a word loca- 
tion in the supplementary store 55. The lines 
65 are intersected by a set of venical lines 

5 66, 66 A which are adapted to convey bit 
signals to and from respective bit positions 
in the data register 54. Some of the control 
lines 60 are shown in Figure 5 and are refer- 
enced 60a to 60e. An intersecting pair of 

10 i:::e3 65 iind -56 may be connected through a 
transisior. For example line 65a is connected 
to hne 66a via a trr.nsistor 683, the emitter 
of tr:.::3i3:cr 68a being connected via diodes 
69 to concfol lines 60a and 60e respectively. 

15 Similarly other pairs of intersecting lines 65 
and 66 are connected at their intersections 
by transistors arranged to be energized by 
signals from selected ones of the control lines 
60. In operation, when a signal is induced in 

20 either of control lines 60a or 60e transistor 
68a is rendered conductive and if a signal 
arrives on line 65a the potential of line 66a 
changes. 

Each of the embodiments so far described 

25 has included an associative memory to store 
the address of a word location in a supple- 
mentary store, used to store bits to repair bit 
positions in a main memory word location. 
The apparatus of Figure 6 does not include 

30 an associative memory but instead a main 
memory which is such that each word loca- 
tion can have recorded therein a word con- 
taining, in addition to the data portion, an 
address portion defining the address of a 

35 supplementary store word location and a flag 
portion identifying a particular bit position 
in that supplementary store word location. 
Thus, the apparatus of Figure 6 includes a 
main memory 81, a memory address register 

40 82, a main decoder 83, a data register 84, a 
supplementary store 85 and a supplementary 
address decoder 86. Switch means 87 is 
arranged to control the transfer of bits be- 
tween the data register 84 and the supple- 

45 mentary store 85. For each main memory 
word location containing faulty bit positions 
a representation of a supplementary store 
word location address is recorded in the 
address portion of that word and information 

50 defining the faulty bit positions in the main 
memory word location is recorded in the flag 
portion of that word. Having recorded in- 
formation in the address and flag portions 
of all the word locations having faulty bit 

55 positions, the apparatus is ready for use. It 
should be noted that the information con- 
tained in the address and flag portions is re- 
tained throughout operation of the appar- 
ams. Whenever a word is read from the main 

60 memory under the control of the main de- 
coder 83 the address and flag ponions are 
read out at well as the data portion. The 
contents of the data portion are passed to 
the data register 84. Read-out of the address 
65 portion results in the selection, via the de- 



coder 86j and energization of a supplement- 
ary store word location and read-out of the 
flag portion sets the switch means 86 for 
transfer of bits between the supplementary 
store and the register 84. The stipplementary 70 
store 85 may be divided into segments in a 
similar manner to the stores described in the 
apparatus of Figures 1, 2, or 3. If the supple- 
mentary store 85 were divided into segments 
in a similar manner to the store described 75 
in Figure 3 tlien each word location in the 
main memory would contain, in addition to 
the data portion, a pair of address portions 
defining the respective addresses of a pair of 
supplementary store word locations, and a 80 
corresponding pair of flag portions identify- 
ing particular bit positions in the respective 
supplementary store word locations. Further, 
the switch means 87 may be replaced by a 
switch matrix like that of the apparatus <rf 85 
Figure 4 and it would then not necessary 
for die words in the main memory to in- 
clude a flag portion as the switch matrix 
could be controlled by the signals on the 
word drive lines of the main memory 81. 90 

WHAT WE CLAIM IS: — 

1. Data storage apparatus including a main 
memory comprising a plurality of word loca- 
tions each containing a plurality of bit posi- 
tions, a supplementary store arranged to store 95 
data bits which are assigned to faulty bit posi- 
tions in the main memory and selection means 
responsive when a main memory word loca- 
tion containing one or more faulty bit posi- 
tions is addressed, to address one or more 100 
word locations in the supplementary store, to 
establish a one-for-one relationship between 

the faulty bit positions in the main memory 
word location and bit positions in the 
addressed supplementary store word location 105 
or locations, and to access only those bit posi- 
tions in the addressed supplementary store 
word location or locations which, by virtue of 
the aforesaid one-for-one relationship, corre- 
spond to the one or more faulty bit positions 110 
in the main memorj*^ word location. 

2. Apparatus as claimed in claim 1, in 
which the selection means is responsive to a 
signal representing the address of a main 
memory word location to address said one or 115 
more word locations in the supplementary 
store. 

3. Apparatus as claimed in claim 2, in 
which the seleaion means includes an associa- 
tive memory arranged to store words respec- 120 
tively corresponding to main memory word 
locations containing faulty bit positions, each 
associative memory word inducing a tag por- 
tion to store the address of the correspond- 
ing main memory word location and at least 125 
one address portion to store the address of a 
word location in the supplementary store. 

4. Apparatus as claimed in claim 3, in 
which each associative memory word further 
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includes at least one flag portion to store 
data specifying the relationship beuveen the 
bit positions in a supplementary store/vord 
locaiion and some or aU of the faulty bit 
positions in the main memory word locauon. 

5 Apparatus as claimed m claim 4^ m 
eludes a single address portion and a smgie 
which each associative memory word m- 
flag portion to store the data specifying the 
refationship between the bit positions in the 
supplementary store word location and all the 
faulty bit positions in the main memory word 

^^^^ Apparatus as claimed in claim 1, in 
^vhich each of the main memory word loca- 
tions containing faulty bit positions mcludes 
at least one address portion arranged to store 
the address of a supplementary store word 
location and in which apparatus the selection 
means is responsive to read out of said address 
portion to address the supplementary store 
word location. i 

7 Apparatus as claimed m claim 6, m 
which each of the main memory word loca- 
tions containing faulty bit positions further 
includes at least one flag portion arranged 
to store data defining tlie relationship between 
the bit positions in a supplementary store 
word location and some or all of the faulty 
bit positions in that main memory word loca- 
tionf and in which apparatus the selecaon 
means is responsive to read our of said flag 
portion to specify a one-for-one relationship 
between the faulty bit positions m that mam 
m-mory word location and bit positions m 
the addressed supplementary store word loca- 
tion or locations. . , . , . ^ 

S Apparatus as claimed in claim 7, in 
which each of the main memory word loca- 
tions containing faulty bit positions mcludes 
a single said address portion and a smgle 
said flag portion to store data defining the 
relationship between the bit positions in the 
supplementary store word location and all the 
faulty bit positions in the mam memory word 

location. - , 

9 Apparatus as claimed m any ot the pre- 
ceding claims, including a data register oper- 
ablv associated with the main memory so that 
data words can be transferred between the 



data register and locations m the mam 
memory, and in which apparatus the supple- 
mentary store is divided into segments, the 
word locations being distributed amongst the 
segments^ and in which each segment is oper- 
ably associated with a section of the data 
re4ster so that .data bits can be transferred 
only between the associated sections and seg- 
ments. , . ^ . - . n 

10 Apparatus as claimed m claim m 
which the segments are associated with over- 
lapping data register sections. 

11. Apparatus as claimed m claim 9, in 
which a pair of segments is associated with 
each data register section. . 

12 Apparatus as claimed in any of claims 
9 to* 1, including a pluraHty of two-way 
switches for controlling the transfer of data 
between the supplementary store and the data 
register and means to set the switches in 
accordance with said one-for-one relauonship 
specified by the selection means. ^ 

13 Apparatus as claimed in any of claims 
9 to 11, including a matrix switch for con- 
trolling the transfer of data between the 
supplementary store and the data register aiid 
means to control the operation of the matrix 
switch in accordance with said one-for-one 
relationship specified by the selection means. 

14. Data storage apparatus substantially as 
described herein with reference to Figure 1 
of the accompanying diagrammatic drawings. 

15 Data storage apparatus substantially 
as described herein with reference to Figure 
2 of the accompanying diagrammatic draw- 

"^?6. Data storage apparatus substantially as 
described herein with reference to Figure 3 
of the accompanying diagrammauc drawings. 

17 Data storage apparatus substantially 
as described herein with reference to Figure 
4 of the accompanying diagrammatic draw- 

^^^8. Data storage apparatus substantially as 
described herein v/ith reference to Figure 6 
of the accompanying diagrammatic drawmgs. 

NEIL A. KILLGREN, 
Chartered Patent Agent, 
Agent for the Applicants. 



55 



60 



65 



70 



75 



80 



85 



90 



95 



may be obtained. 



1158010 COMPLETE SPECIHCATION 

4 SHEETS ^^^^ drawing Is a reproduction of 
the Original on a reduced sca/e 

Sheet 1 



ADOR£SS 
PORTTCM 



FLAG 
PORTION 



TAG 
PORTION 



>1 











St 


sc 












1 IL. ni. II ■■ Tl 











AC 










fa 


fb 


IC 


fcf 








4y i 




S<7 ib 


ic 


Id 



F!G. 2 



1158010 COMPLETE SPECIFICATION 

ring is a n 
inal on a i 

Sheet 2 



A cuccTC drawing is a rtproduction of 

4 SHccTd Original on a redueod scofc 



42 



SECOND 

ADDPESS 

PORT/ON 



SECOND 

FLAG 

PORTION 



FfRST 

ADDRESS 

PORT/ON 



FIRST 
FLAG 
PORT/ ON 



TAG 
PORTfON 



AO-^ 



JP- 



41 



36- 



36a 



36 b 



36C 



36d 



7^ 



38G \ 



r' 

I 

I 



3SQ 



3S^t. 



37^^ 



37Q 



3Bb \ 



J7d\ 



5 



u g 



34- 



J/- 



11 



JSC 



1 



37C \ 



JS(f 



I 

I 
I 

I 



34a 


34b 


J4C 


34d 



FIG. 3 



1158010 COMPLETE SPEORCATION 

4 SHEETS drawing is a rtproduction of 

the Originat on a reduced scale 

Sheet 3 



5P 



S8^ 



PQRTiON 



57^ 



PORT/ON 



FIG. 4^ 



az. 



2, 



57' 



as*-, 





FLAG 


DATA 









1158010 COMPLETE SPECIFICATION 

J ^iicprc This drawing is o reproduction of 
* ^ the Ohginai on a reduced scale 

Sheet 4 




na 5 



